It has been known that endophyte (Neotyphodium coenophialum) is beneficial to tall fescue (Schedonorus phoenix Scop.) because the mutualistic endophyte is able to confers tolerance against abiotic and biotic stresses to tall fescue. However, this fungal endophyte produces toxic alkaloid resulting in negative effects on animal performance. Recently, Non-toxic endophyte have been developed and inserted into tall fescue to avoid detrimental effect on animal but remaining positive influence on tall fescue. In order to keep this beneficial impact, it is essential to have endophyte infected tall fescue through vertical transmission from maternal plants to seeds. Little research has been carried out on endophyte transmission. To get basic information related to endophyte transmission, experiment was conducted to examine the effect of plant genotype on endophyte transmission under water stresses. Overall endophyte concentration in seeds was higher than that in panicles and endophyte concentration in seeds and panicles relied on plant. This study revealed that drought is not a critical component to control the endophyte transmission from maternal plants to seeds. Plant genotype is an important factor controlling the endophyte transmission from plant to seed.
.
INTRODUCTION

Tall fescue was introduced from Europe into
North and South America during the colonial period. It is now predominant cool-season perennial grass grown in the United States as a popular component of pastures and has been planted on approximately 14~20 million hectares in the USA (Bacon and Siegel, 1988; Bouton, 2000) . Tall fescue is frequently infected with the endophytic fungus, Neotyphodium coenophialum (Bacon and Siegel, 1988; Glenn et al., 1996) .
Tall fescue provides nutrition and structural refuge to the endophyte, while tall fescue gets many benefits including enhanced competition (Hill et al., 1991a; Malinowski et al., 1999) . Thus, the two are in a mutualistic relationship. The basis for mutualism is the ability of this endophyte to enhance resistance of tall fescue to biotic and abiotic stresses including herbivory and drought (Rudgers and Clay, 2007) . Tall fescue may conserve water more efficiently due to endophyte presence by increasing leaf rolling (Arachevaleta et al., 1989) , decreasing stomatal conductance (Elmi and West, 1995) , and lower osmotic potential increasing turgor pressure in tall fescue (Elmi et al., 1989; White, 1989; Richardson et al., 1991) . Endophytes have historically been considered as negative components of the pasture ecosystem (Ball et al., 1996) . Animals consume endophyte-derived ergot alkaloids toxic to animal because of grazing endophyte infected tall fescue. This results in reduced animal performance (Read and Camp, 1986; Hoveland, 1993) . Non-toxic endophytes that do not produce harmful alkaloids have been introduced into tall fescue to eliminate the toxicity to grazing animal, but still maintain the agronomic benefit of the endophyte to host plant, tall fescue (Bouton et al., 1998; 1999; 2002; Fletcher, 1999; Bouton, 2000) .
By using these non-toxic endophytes, their negative view changes more likely positive for cultivar development (Fletcher, 1999; Bouton, 2000; Bouton et al., 2002) . Therefore, endophytes in tall fescue should be considered important components for sustainable agriculture, especially in pasture ecosystems. Tall fescue toxicosis is one of serious problems for livestock industry (Bush et al., 1979; Hoveland, 1993; Read and Camp, 1986) . The initial management strategy was eliminating endophyte from tall fescue pasture. Since non-toxic endophytes inserted into tall fescue, one can eliminate tall fescue toxicosis by replacing the old tall fescue pasture with cultivars that are infected to non-toxic endophytes. For the successful strategy, it is essential to understand endophyte growth and transmission in tall fescue to maximize the probability of maintaining non-toxic endophytes in pasture ecosystem.
Since this fungal endophyte has no sexual stage, does not produce spores, and disseminates only though the female parent, this endophyte life-cycle is relatively simple (Siegel et al., 1984) .
The endophyte grows as the seed germinates and invades the seedling plant, shortly after germination and the fungus is located in meristematic tissue of shoot apices during vegetative periods (Bacon and Siegel, 1988) . If the flowering stem starts to elongate, the mycelium of endophyte grows along with the inflorescence and infects the ovule, one of important maternal tissues (Hinton and Bacon, 1985; Philipson and Christey, 1986) .
There is variation of endophyte presence and/ or transmission that is association with environmental parameters during plant growth. The seasonal variation of mycelium concentration of Neotyphodium lolii in leaf sheaths of perennial ryegrass (Lolium perenne L.) was related to variation in mean monthly temperatures (Di Menna and Waller, 1986) later Bacon and Siegel (1988) also reported related result that endophyte level in seed after a hot and dry summer and cold winter. Temperature seems to be the most important environmental factor for these seasonal fluctuations of endophyte concentration and frequency (Ju et al., 2006) . These all indicate that the seasonal variability of the endophyte resulted from seasonal variation of temperature and water dynamics. Although it had been suggested that endophyte frequency or concentration in endophyte-infected plants may be associated to the plant genotypes (Hiatt and Hill, 1997; Hill et al., 1991b) 
Preparation different plant genotypes and water stress
Progenies from crosses between PDN11 (female parent) and PDN2 and PDN12 (male parents) (Adcock et al., 1997; Hiatt and Hill, 1997) were used. Two progeny from each cross soil. The non-water stress was maintained at 0.65 g water g 1 soil (White et al., 1992; Hill et al., 1996) . In order to measure leaf water potential and leaf osmotic potential, pre- 
Endophyte frequency by immunoblot
Tiller cross-sections were put on the nitrocellulose membrane and endophyte presence in tiller was tested using the Phytoscreen Field
Tiller Endophyte Detection Kit (Hiatt et al., 1997a ; Agrinostics Ltd. Co, Watkinsville, GA).
Seeds were soaked in 1.25 M NaOH for 1 h and were washed with tap water. Endophyte presence in seeds was tested using the Phytoscreen Seed Endophyte Detection Kit (Agrinostics Ltd. Co, Watkinsville, GA).
Endophyte quantification by ELISA
Endophyte concentration was measured using ELISA (Hiatt et al., 1997b) . Fungal proteins were extracted from 15 mg of ground lyophilized plant tissue. Quantification of mycelia was ANOVA (Table 4) Seed acquired from the middle of the panicle contained lower endophyte frequency than seeds harvested at the base or top of the panicle (Table 5 ). Generally speaking, florets and seeds harvested from the top showed greater endophyte frequency (Table 5 ). (Table 6) indicates that endophyte concentration in seeds and panicles relied on plant genotype on (Table 6 ). * Endophyte concentration was presented as "mg endophyte/g plant".
Plants genotype 1 contained higher endophyte concentration in seed. Overall endophyte concentration in seeds was approximately 7~8 times higher than that in panicles (ranged from 0.15 to 0.28 mg per plant).
. DISCUSSION
The impetus for this study was an observation that field-grown endophyte infected plants had numerous tillers in which no endophyte was present. Di Menna and Waller (1986) Previous studies revealed that there were seasonal variations on endophyte biomass and frequency in perennial ryegrass (Di Menna and Waller, 1986 ) and tall fescue (Ju et al., 2006) grown under field conditions. They found fewer mycelia or less endophyte frequency in pseudostem tissue during winters in the Southern and Northern Hemisphere. Seed and vegetative tissue of tall fescue after the plants experienced hot and dry summers and cold winters showed decreased endophyte frequency (Bacon and Siegel, 1988) . Ju et al. (2006) showed that endophyte biomass in tall fescue depended on minimum cardinal temperatures playing a key role as environmental factor controlling these seasonal variations of endophyte concentration and frequency.
Since water is critical environmental for the life, we expected that water affected endophyte frequency and concentration. However, in this study, the drought experiment combination with plant genotype showed little or no effect of drought on transmission of endophyte (Table 1 , 4, and 6). Previous study conducted in vitro (Bruehl and Kaiser, 1996) partially supported these results. Endophytes grew well on agar media amended with osmoticum to obtain water potential of -3Mpa, equivalent to quite bit drought stress (Bruehl and Kaiser, 1996) . In other words, water stress imposed in this experiment might not enough to affect on endophyte transmission.
Although there was statistically different endophyte frequency between vegetative tiller and reproductive tiller (Table 2) , this difference was not significant from agronomical view point.
Less endophyte frequency in vegetative tiller ( (Sampson, 1933; 1937; Bacon and Siegel, 1988) and endophytes are in flower primordia before development of inflorescences (Siegel, et al., 1985) . Hinton and Bacon (1985) suggested that an infected bud simply outgrow the endophytes when conditions are not favorable for the endophyte. Since endophyte in planta is non-septate (Hinton and Bacon, 1985) , (Table 3 and 7) . Table 7 indicating that higher frequency of endophyte does not correlated with concentration of that. Table 5 Richardson, M.D., Chapman, G.W., Hoveland, C.S.
